ABSTRACT
R ecent analysis of M2 occlusions treated by IV tPA and endovascular therapy (EVT) in the Interventional Management of Stroke (IMS) I and II trials and by EVT in the Prolyse in Acute Cerebral Thromboembolism (PROACT) II study failed to demonstrate an association between reperfusion and good outcome. [1] [2] [3] [4] Other recent publications are more optimistic regarding outcome with EVT for M2 occlusion. [5] [6] [7] Uncertainty arises regarding not only patient selection and the utility of EVT for M2 occlusions identified on digital subtraction angiography (DSA-M2), 8, 9 but also of the M1-M2 occlusion designation. More recent trials with positive EVT outcomes included very few DSA-M2 occlusions, and some specifically excluded them. [10] [11] [12] We herein summarize the efficacy and safety outcomes of combined IV-EVT in DSA-M2 occlusions in the Interventional Management of Stroke III trial as originally reported, 13 and we also report post hoc subgroup analyses that explored the hypoth-esis that anatomic heterogeneity, operational definitions, and the affected M2 segment location have an effect on outcome in the reperfusion of M2 occlusion.
MATERIALS AND METHODS
IMS III eligibility and exclusion criteria, randomization and statistical methods, and results have been previously reported. [13] [14] [15] CT angiography, CT perfusion, and MR angiography and/or perfusion were allowed in centers where they were established as a local standard of evaluation and care.
The IMS III primary outcome measure was a modified Rankin Scale score of 0 -2 at 90 days. Secondary efficacy end points were angiographic reperfusion defined as modified Thrombolysis in Cerebral Infarction (mTICI) 2-3 (minimum arteriographic reperfusion Ͻ50% of the occluded territory at risk) and mTICI 2b-3 (Ն50% reperfusion), and recanalization defined as an arterial occlusive lesion recanalization score of 2-3 (partial or complete recanalization with flow). In addition to standard microcatheter thrombolysis, 4 thrombectomy methods were allowed for EVT of M2 occlusions. [16] [17] [18] [19] DSA was reviewed by the angiographic core lab (T.A.T., D.S.L.), and M2 segment and revascularization scores were determined by consensus. mRS 0 -2 outcomes were analyzed according to mTICI reperfusion results. The relationship of reperfusion to mRS 0 -2 and 0 -1 outcomes was determined. As in the Emergency Management of Stroke and IMS I and II trials, the operational definition of M1 occlusion was that 100% of the MCA cortical distribution was at risk, less anterior temporal artery (ATA) supply, with no antegrade M2 branch filling. [20] [21] [22] The corollary of this physiologic definition of M1 occlusion is that filling of Ն1 classic M2 branch then represents M2 occlusion. Baseline clinical characteristics of 83 evaluable M2 and 135 M1 occlusions proximal (M1P) or distal (M1D) to the lenticulostriate origins were excerpted from case report forms and compared for differences.
Multiple secondary observations of M1 and M2 anatomic features were derived post hoc from baseline and/or posttreatment DSA and recorded, to identify similarities or differences that might discriminate revascularization and clinical outcome.
An isolated branch arising from M1, adjacent to and with a similar course to the ATA but larger and distributing to the mid-and posterior temporal lobe supply, was termed a "posterior temporal M2 branch" (Fig 1) . An isolated branch arising from M1 simulating the ATA but giving origin to the ATA and the mid-and posterior temporal lobes was termed a "holotemporal" M2 branch (Fig 2) . The isolated holotemporal or posterior temporal branch might also variously supply portions of the inferior parietal lobe or temporo-occipital region via distal M3 and M4 cortical arteries. The single vessel continuation of M1 beyond the isolated patent posterior temporal or holotemporal branches is termed the "M2 trunk," which simulates the distal M1 trunk (Fig 3) .
A functional IMS M1-M2 anatomic classification, based on pretreatment and posttreatment angiographic findings and relevant clinical correlates, is detailed in On-line Table 1 . Occlusion proximal to the lenticulostriate arteries was termed a "proximal M1 occlusion," and occlusion beyond the lenticulostriate arteries, "a distal M1 occlusion." M2 segment occlusions were categorized as trunk, division, division-branch, and/or branch occlusion. M2 trunk occlusion was occlusion of the single large segment beyond the posterior temporal or holotemporal branch (Fig 3) . Occlusion of an M2 segment giving rise to Ն2 classic M2 branches was termed "M2 division occlusion." Occlusion of M2 branches arising from divisions was termed "division-branch occlusion." Occlusion of isolated, individual, classic M2 branches arising from the distal M1 (eg, orbitofrontal, operculofrontal, central or Rolondic, angular, parietal, or posterior temporal branches) was termed "M2 branch occlusion."
Post hoc secondary subgroup analyses in 79 evaluable cases, including review of revascularization and clinical outcome, were also performed, including analysis of the following: 1) occluded segment description (trunk, division, division-branch, branch); 2) estimated percentage MCA distribution of the region at risk according to the occluded segment anatomy; 3) M2 occlusion location (proximal, mid, or distal) and number (single or multiple) on revascularization and outcome; and 4) the presence of isolated holotemporal and posterior temporal lobe branch supply and M2 trunk occlusion on day-2 CTP core infarct and penumbra volumes. Primary safety end points recorded were mortality and symptomatic intracranial hemorrhage, defined as any intracranial hemorrhage associated with neurologic deterioration within the first 30 hours of IV tPA initiation. Secondary end points included parenchymal hematoma types 1 and 2; asymptomatic intracranial hemorrhage; subarachnoid hemorrhage or intraventricular hemorrhage; angiographically identified vessel dissection or perforation; and DSA-identified emboli into a new (previously unoccluded) arterial territory.
Twenty-six M2 and 45 M1 occlusions from IMS I and II were reviewed post hoc for confirmation of reporting reproducibility and the effect of anatomic characteristics on outcome compared with IMS III.
Differences in reperfusion and mRS 0 -2 outcomes between M2 occlusion subgroups were analyzed with the 2 test, and differences in percentage MCA distribution at risk between subgroups, via the t test.
RESULTS
Complete patient accountability, clinical, revascularization, and safety results have been previously reported for the entire EVT and IV rtPA groups. 13, 20 No differences in baseline clinical characteristics of 83 subjects with M2 occlusion and 135 previously reported M1 occlusions treated with EVT were identified (Online Table 2 ). ASPECTS of 8 -10 was significantly lower with M1 occlusion proximal to the striate arteries (P ϭ .02). The proportion of subjects with a baseline NIHSS score of Ն 20 was not. Overall, 34/83 (41%) mRS 0 -2 outcomes occurred with M2 EVT. Reperfusion trended (P ϭ .09) toward an association with good outcome (46.7% mRS 0 -2 for mTICI 2-3 compared with 26.1% for mTICI 0 -1; risk difference, 20.6%; 95% CI Ϫ1.4%-42.5%). M2 occlusions were treated predominantly by standard microcatheter thrombolysis (n ϭ 54, 65.1%), with 5 sonographyassisted thrombolysis, 13 Merci retriever (Concentric Medical, Mountain View, California), 10 Penumbra System (Penumbra, Alameda, California), and 1 Solitaire Stent (Covidien, Irvine, California) thrombectomy procedures. mTICI 2-3 reperfusion was achieved in 66% (39/59) of thrombolysis-only treatments and in 88% (21/24) of thrombectomy-device procedures (P ϭ .048).
The Table summarizes M2-segment-occlusion mRS 0 -2 outcomes according to mTICI reperfusion results for not only each mTICI grade but also grouped as mTICI 0 -1 versus 2-3 and as 0 -2a versus 2b-3. Good outcome for trunk occlusion required mTICI 2b-3 reperfusion. No mRS 0 -2 outcome differences were identified for mTCI 2a-versus-2b reperfusion for division occlusion. M2 branch occlusions achieved numerically poorer mTICI 2b-3 reperfusion (28.6%) and mRS 0 -2 outcomes overall (32.1%) compared with trunk and division occlusions.
On post hoc review of M2 occlusions, ATAs were identified arising from 42 (53.2%) M1 and 34 (43.0%) M2 vessels in 79 evaluable subjects, either before or after revascularization. Eighteen (22.8%) holotemporal (n ϭ 10) and posterior temporal (n ϭ 8) branches arising from M1 and simulating the ATA were identified on baseline DSA, half with other patent M2 segments. Seven holotemporal and 2 posterior temporal branches were the only M2 branches patent, defining M2 trunk occlusion and closely simulating M1 trunk occlusion in appearance. Lenticulostriate arteries arose from 16 (20.3%) M2 segments overall, but in association with 5 (50%) patent holotemporal arteries and 3 (33.3%) M2 trunk occlusions.
On the basis of these anatomic features and the IMS III definitions, the core lab estimated that 30.4% of M2 occlusions could have been termed M1 occlusion, predominantly where posterior temporal or holotemporal branches simulated the ATA (10/18 versus 14/61, P ϭ .008). One instance of patency of an orbitooperculofrontal division as the only patent segment, without ATA, was classified as an M2 division occlusion, with no ATA or other M2 segments filling from a large trunklike segment.
Post hoc analysis of revascularization and clinical outcomes for trunk, division, division-branch, and branch occlusions and for proximal and distal M1 occlusion is detailed in On-line Table  3 . mRS outcome 0 -2 for M2 occlusion was similar to that for M1D, despite numerically lower mTICI 2-3 and 2b-3 reperfusion. M2-plus-M1D occlusions combined had a higher proportion of mRS 0 -1 and 0 -2 outcomes compared with proximal M1 occlusion (P ϭ .06 and 0.07, respectively). Good outcome for M2 trunk occlusion (33.3%) was numerically greater than for M1P occlusion (26.9%, P Ͼ .05), but not for M1D (38.2%, P Ͼ .05).
M2 trunk occlusions were associated with a greater percentage area distribution at risk for infarction compared with division and branch occlusions combined (P ϭ .0012), as were division occlusions compared with branch occlusions (P Ͻ .0001). No differ- ence in MCA distribution at risk was estimated between 16 division-branch and 12 branch occlusions, but excellent and good outcomes were numerically fewer for division-branch occlusions.
Fifty-four of 79 (69.1%) DSA-M2 occlusions were proximal, with greater estimated percentage MCA distribution at risk compared with mid-or distal occlusions (P ϭ .0001). Ten (12.7%) multiple M2 occlusions included 6 divisions with additional branch occlusions and 4 multiple branch occlusions. The estimated percentage MCA at risk was greater for multiple M2 occlusions than for single ones (P ϭ .05).
Post hoc review of anatomic features of 27 M2 and 45 M1 previously treated IMS I and II occlusions confirmed classification consistency with IMS III, including patent holotemporal branches in 3 M2 trunk occlusions (11.1%). Fifty percent of division-branch or branch occlusions were confirmed in IMS I and II, compared with 37.1%, in IMS III. In the 3 IMS studies, 5/12 (41.6%) M2 trunk occlusions achieved mRS 0 -2 outcomes.
Symptomatic intracranial hemorrhage occurred in 7.2% (6/83) of subjects with IMS III M2 occlusions. One (1.2%) arterial perforation and 3 (3.6%) emboli into a new (previously unoccluded) arterial territory were identified by the core lab. Ten deaths (12.0%) occurred.
DISCUSSION
In IMS III, as in IMS I and II, among DSA-defined M2 occlusions, independent functional outcome (mRS 0 -2) was not associated with mTICI 2b-3 reperfusion compared with EVT of the more proximal intracranial ICA or M1 occlusions. 20 No good outcomes for trunk occlusion occurred in the absence of mTICI 2b-3 reperfusion. No differences in good outcome were identified for mTICI 2a-versus-2b reperfusion for division occlusion. Good outcome was not associated with reperfusion in branch occlusions; this finding may be due to the small sample size (n ϭ 29), limited amount of at-risk tissue, or recanalization spontaneously or by IV rtPA alone after completion of EVT. While IMS III M2 mTICI 2-3 reperfusion was better than that in IMS I and II (72.3% versus 60.9%), mRS 0 -2 outcomes were poorer (40.9% versus 69.6%). 1, 4, 9 Good outcomes for M2 occlusion with mTICI 0 -1 reperfusion were more frequent in IMS I and II (26.1% versus 77.7%), all occurring with branch occlusions.
In addition to differences in M2 segment occlusion types treated, differences in the definition of M1 and M2 occlusion may contribute to reported outcome differences. 23, 24 A similar ratio of M2-to-M1 occlusion in IMS I and II (64.4%) and IMS III (60.7%) suggests comparable general definition application. Whereas PROACT II had a similar percentage ratio (62.2%), the ratio was lower (40.7%) in the Middle Cerebral Artery Embolism Local Fibrinolytic Intervention Trial (MELT). 25 The definition of M1 versus M2 has historically been based on anatomic criteria, with the horizontal sphenoidal MCA segment in the stem of the Sylvian fissure, proximal to the insula, termed M1, irrespective of the atrisk proportion of the brain supplied by the occluded segment. 26 The IMS operational functional definition of M1 occlusion places virtually its entire cortical distribution at risk and allows confident comparability of baseline occlusion and outcome data among the IMS studies.
The classic clinicoanatomic model of 2 M2 divisions (superior/anterior or inferior/posterior) occurs in approximately 50% of instances of M1 trunk branching, pseudo-bifurcations, and -trifurcations, each in approximately 25% of patients. 27, 28 The description of postdivision branching has not been uniform historically. Where M2 "division" occlusion therapy in PROACT II included treatment of not only divisions that will branch but also branches from divisions and individual branches, potential confusion in terminology exists. Standard arteriographic references avoid "division" entirely, refer to groups or complexes, mix "branch" and "artery" somewhat interchangeably, and have used the term "trunk" to vaguely describe a large Sylvian segment beyond an operculofrontal branch terminating in parietal and angular branches. 29 Muddled terminology risks including, lumping, equating, and then comparing occluded classic M2 division occlusions (53.1%) with smaller, single, even distal M2 divisionbranch (19.8%) or branch occlusions (16.0%) or major trunks beyond a single patent, classic M2 branch (11.1%) in stroke-treatment studies.
Two nomenclature adaptions are used here for post hoc description and analysis of observations initially made on primary core lab reporting. The holotemporal branch supplying the entire temporal lobe was linked to M2 "trunk" occlusion when no other M2 branches were filling, simulating M1 occlusion. Designation of any M2 branch patency determining the occluded segment is also termed "M2" as either trunk, single or multiple divisions, division-branches, or branches.
If IMS M2 trunk occlusion is attributed to the M1 rather than M2 group, 9.0% good outcome difference between IMS M2 trunk and IMS III M1 occlusion (5/12, 41.6% versus 44/135, 32.6%) would increase reported good outcomes for M1 compared with M2 occlusion. Ascribing an M1 occlusion instead of an M2 trunk occlusion may falsely reduce anticipated brain volume at risk, erroneously increase the expected risk of temporal lobe edema and herniation, and underestimate available collateral flow while overestimating collateral need, thereby predisposing to a higher percentage of good outcome compared with M1 occlusion as defined in IMS. A single branch supplying the entire temporal lobe has been suggested by Gibo et al 27 to occur anatomically in 2% but was identified in 10 (13.6%) in our DSA cohort. -2 outcomes for 79 evaluable M2 trunk, division, and branch occlusion grouped  according to mTICI 0 -1, 2a, 2b-3 temporal branch designation is uncertain, it is reasonable to hypothesize that the assignment of the latter as a marker of the functional M1-M2 junction has some relevance as EVT refines its methods and metrics beyond revascularization alone in exploring differences in outcomes in EVT. Post hoc blinded review of limited CT perfusion studies in IMS III found that mean core and penumbra volumes were numerically lowest in M2 trunk versus M2 division versus M1 trunk occlusions: 4.0 versus 17.2 versus 18.6 mL for core, and 27.8 versus 62.3 versus 85.7 mL for penumbra, respectively.
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The percentage MCA at risk was greater with M2 trunk occlusion than in its absence, as was division occlusion with divisionbranch and branch occlusion. However, the percentage MCA at risk, mTICI 2-3, and mRS 0 -1 and 0 -2 were lower with branch than division trunk occlusion. This contradiction requires further analysis of baseline CT and CTA imaging findings to determine whether more proximal occlusions may have already futilely recanalized, leaving only residual branch occlusion before DSA.
Limitations exist in these observations and analyses. Data on M2 occlusion here are based on EVT following IV rtPA administration. Results were obtained with thrombectomy technology and thrombolytic methods not commonly used currently. Whereas up to 20% of initially occluded arteries may have recanalized before angiography, clinical outcomes may relate more to the original occlusion than to the arteriographic occlusion. 20, 32 In subjects with M2 occlusion on baseline CTA, no significant difference in patency was identified on 24-hour CTA (88.5% in the EVT arm versus 76.5% in the IV tPA arm), but 90-day mRS 0 -2 outcomes were greater with EVT (n ϭ 31) than IV tPA alone (n ϭ 15) in M2 subjects with no ICA occlusion/stenosis, 51.6% versus 33.4%. 33 Reperfusion results were preliminarily reported here variously as mTICI 2-3 and/or 2b-3 to allow comparison with IMS I and II results of failed reperfusion versus outcome. Neither interobserver agreement in distinguishing 2a versus 2b reperfusion nor mTICI 2b-3 reperfusion as a predictor of good outcome for M2 occlusion had yet been shown. The latter is not confirmed here for division or branch occlusion, and no difference in mRS 0 -2 outcome between mTICI 2a versus 2b for division occlusion was identified with reperfusion methods used (Table) .
The major limitation of the data and explorative analysis presented here may be perceived in its derivation within the futile IMS IV-EVT treatment paradigm and the treatment methods used. Although thrombectomy devices may be more effective than thrombolysis alone across the M2 group, larger studies with newer devices are indicated for M2 occlusion. Emphasizing terms such as "M2 trunk" and "holotemporal artery" would be irrelevant had not retrospective analyses demonstrated that the unique anatomic features might confer potential relevant differences in brain at risk and/or outcome. Comparisons of small subgroup numbers here, such as the M2 trunk group, are subject to error. Uncommon occlusions beyond the patency of other single segments (such as orbitofrontal or operculofrontal branches) may also be classified as trunk occlusions in the future.
However, the operational IMS occlusion model, excluding M1 occlusion if any M2 branch is filling, reduces the subjectivity of vessel orientation/course, eliminates dilemmas in identifying and classifying major branch points, and becomes one approach to assuring uniformity in outcome analysis for not only M1 occlusion primarily but also M2 segment occlusion secondarily.
CONCLUSIONS
In IMS III, revascularization rates were higher but mRS 0 -2 outcomes were lower for combined IV rtPA-EVT for M2 occlusion than those measured in IMS I and II. mRS 0 -2 outcomes differed according to the involved segment, dependent on mTICI 2b reperfusion for trunk occlusion, with no difference between mTICI 2a and 2b reperfusion for division occlusion. mRS 0 -2 outcome was not dependent on reperfusion for M2 branch occlusion. Differences in good outcome between the M2 trunk in IMS I, II, and III (41.6%) versus M1 occlusion (32.6%) suggest that failing to distinguish between them could influence reported outcome differences in EVT studies. M2 trunk occlusion, simulating M1 trunk occlusion, is proposed as an M2 occlusion subgroup for closer analysis in EVT studies. 
